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Preface

The foundation investigation for the MMW Radar Antenna Project
was authorized by the U. S. Army Engineer Division, Pacific Ocean (POD),
Honolulu, Hawaii, in TAO No. PODSP-MIL-80-19, dated 14 February 1980.

The field investigation was conducted during the period 7-15 March
1980 by Messrs. R. E, Wahl and J. T.. Llopis of the Field Investigations
Group (FIG), Earthquake Engineering and Geophysies Division (EEGD),
Geotechnical Laboratory (GL), U. S. Army Engineer Waterways Experiment
Station (WES). The analysis of the data obtained was performed by
Messrs. Wahl and Llopis, under the general supervision of Mr. R. F.
Ballard, Jr., Chief, FIG; Dr. W. F., Marcuson, III, Acting Chief, EEGD;
Dr. D. C. Banks, Acting Chief, GL; and Dr. P, F, Hadala, Assistant Chier,
GL. The report was written by Messrs. Wahl and Llopis.

COL Nelson P. Conover, CE, was Commander and Director of the WES
during the performance of this investigation and preparation of this

report. Mr. Fred R. Brown was Technical Director.
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Conversion Factors, U. S. Customary to Metric (SI)

Units of Measurement

U. S. customary units of measurement used in this report can be
converted to metric (SI) units as follows: i
Multiply By To Obtain
feet 0.30L8 metres
feet per second 0.30L8 metres per second
feet per second squared 0.30L48 metres per second squared
inches 25.4 millimetres
inches per second 25.4 millimetres per second
pounds (force) per square
inch 689L.757 pascals
pounds (mass) per cubic
foct 16.018L6 kilograms per cubic metre
slugs (mass) per cubic foot 515.3788 kilograms per cubic metre




DYNAMIC FOUNDATION INVESTIGATION FOR MMW RADAR FACILI.Y,

ROI-NAMUR, KWAJALETIN ATOLL, MARSHALL ISLANDS

Introduction

1. The dynamic foundation tests described herein were pe:formed
at the proposed location of the MMW radar racility on Roi-Namur Island,
Kwajalein Atoll, Marshall Islands. Exploratory borings were furnished
by the U. S. Army Engineer District, Honolulu, to provide information on
the sutsurface conditions. The purpose of the field investipjation was
to obtain data on the stiffness of the foundation materials at this
site as quantified by the elastic constants appropriate for small dynamic
stress increments. Specifically, compression- and Rayleiph-wave (P~ and
R-wave) velocities were determined from which Young's moduli (1),
Poisson's ratios (v), and shear moduli (G) were calculated. These data
are necessary for the design of foundations that require a hipgh depree
of stability under dynamic loading conditions.¥* 1In addition to the
foundation tests, ground motion measurements were conducted at the MW
site in an attempt to ascertain amplitudes caused by operation of exist-

ing radar facilities in proximity to the site.

The Tnvesti;ation

Location and description of test sites

2. The proposed MMW radar untenna site is located orn Roi-Namur
Tsland, RKwajalein Atoll, Marshall l1slands, more specifically at an

o

azimuth or 210 der and o distance of 000 rt*¥ from the existing TRADEX
facility (Fieure Y. The site can be characterized by tairly level
terrain with palm creves, bushes, and a parden plot (Virure ).
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3. Boring data indicate that the soil at this site consists of

loose coral sands and topsoil silts in the upper 7 ft, which are under-
lain by medium to dense uniform coral sands extending; to depths of at
least 75 ft. At the time of this investigation, the water table was
approximately 6 ft below ground surface. Occasional coral heads and
cemented lenses were also encountered in this area.

Test methods and calculations

4. The primary dynamic investigations were conducted in two
phases: surface refraction seismic and vibratory tests. FEach type of
test was desiyned to reveal specific intormation relative to the physical
properties of the MMW foundation materials.

5. Burface refraction seismic tests.¥ Your refraction seismic

tests were conducted to determine P-wave velocities of the subsurface
materials. These velocities were used in conjunction with R-wave
velocities (analorous “o shear-wave (S-wave) velocities) to determine
Poisson's ratios. Data obtained from these tests consisted oi time
required tor a P-wauve to travel from initiation at a seismic source
(sledgehammer impact) to points of measurement (vertically criented
geophones spuced at 10-1't intervals). Travel times were picked t¢ the
nearest 1/2 msec. Data are plotted in graphic tform as distance versus
travel time. The slope of the lines drawn to connect the nlotted points
indicates the velocity of the F-wave through each subsurfuace meiium en-
countered. A change in the slope of the lines indicutes thuat the wave
has passed througsh an interface between two subsurtace layers having:
divrerent velocities. The depth below the surrace ot which the inter-

race occurs can be calceculated by means ot the tollowing equaticn:

o lepartraony o the fomy, ttice, Chief ofF Mneinecra., 19749,
XpLoration, BNOUTIO=1=0000, washineston, .o,




where

D, = depth from surface to first interface, ft
X = distance from seismic source to point at which #irst chanse
in slope occurs, t't
Vo = P-wave velocity in first layer, {ps
v , = P-wave velocity in second layer, fps

ra

c

6. Surface vibratory tests. Vibratory tests were conducted to

determine the velocity of surface R-waves generated by a vibrator at
controlled frequencies (KM 1110-1-1802). From this information, shear
modulus can be Jdetermined.

T. The tests were performed by positioning the vibrator at a
selected location and placing geophones in a straight line (starting at
and extending away trom the vibrator) at selected intervals alone the
surface of the ground. In this application the vibrator has a 50-1b
force level within the frequency range of 15-300 Hz. The force level
drops sharply at frequencies outside of this ranre. The vibrator was
then operated at discrete selected frequencies with the surfuce R-wave
being monitored by the transducers (yeophone nearest the vibrator served
as zero time). The time lag, referenced to the zerc time yrecphone, is
determined and plotted versus the respective distances that the ;eophones
were from the vibrator. The R-wave velcecity for the source rrequency
is determined from the slope of the line obtained in the piot. When the
frequency and the R-wave velocity are known, a correspondins wavelen -th

can be expressed ags

where
Vo= ownve velocity, s

Vo= ownave e




8., Computation ot shear modulus, Poisson's ratioc, and Youns's

godulus. Wave veloeity is dependent upon the ratio
or the medium to its mass density, p , and wave Lype,

J

betweern shear modulius G and S-wave velocity v
L] L] Jos .

5]

G o=

where
G = shear nodulus, psi
v_ = P-wave velocity, t'ps

po= omass Jdensity of soil, v/, sluss/rt

Yy = wet unit weigsht of coll, pet

.

o = acceleration due to ypravity, rt/sec
sed an WS experience, variations in O apparently

with conventional methods when it is assuwmed that the

the elasticity

.
e

v

ation

correlate oot

Jepth

conputed value of o is one-halr the lengsth of the swrvace wave. There-

. I, 3
1 odenth,

9. The 8- and R-wave velocities are related by Pcics
For FPoisson's raties ranging from 0.2 te 0.5, the difference

velocities is less than 9 percent. Therelcre, Uor practical

N

J-waver can be considered to have the same velocity an

Gewave velcocitier can be determined oy the vibratory teste

and shear medulil can be calculated by use of b

N

Sorve, the conpuated value of G0 ig considered to be shear moduli ot auch

Hew

10,0 Wwith the assumption that - wnd U-wave velccities wer
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11. The Young's modulus, E , can be determined by

E = 2(1+v)G (6)

For design purposes, it is suggested that the values of G , v , and E
be selected as those determined for the depth at which the overburden
pressure is equal to the static surcharge pressure of the proposed struc-

ture as described in EM 1110-345-310.

Analysis and Discussion of Tests Results

Surface refraction seismic tests

12. Four refraction seismic lines (R-1 through R-L) were run at
the MMW site in the locations shown in Firure 2. Test data from these
lines were plotted as travel time versus distance (Figures 3-6). Fach
test revealed a two-layer system. The P-wave velocity of the near-surface
materials showed a desgree of variability with velocities ranging from
800 to 1600 fps. Depths varied from 2.8 to 7.1 ft below the ground
surface. The average velocity of these materials is 1100 {rs and extenis
to an average depth of about L.5 ft. This layer corrclates with "fill
coral,” topsoil silts, and loose ccral sands, which were revealed from
borines located within the foundat.on ring.

13. The second layer apnears to correlate with medium-dense to

lense coral cands and gravels, which are "slishtiy"” to "moderateiy"

¢

cemented. This laver showed a very uniform l-wave velocity distributi n
(B2

with true velocities ransine from 5400 to 5850 fps and averasines 5650 e,

Jurface vibratory tests

14. Wight vibratory lines (V-1 throush V-0) wore run in the loea-
Sionc shewn o Filoure L0 The Tines were positioned to rrovide saeninte
ote Ty She Toundation materials sitaate ! beneatn the vror oo cies
ol oudne o0 tae MU0 prudar antenna. Baw o dnto gquelits wn o
Ceae re e lE e memetvend shower ] normal staticticonl ceontnen, Vg
e o gt versus depth Dwave oo ECRVECRRRE RN SR




of material ranged from 560 to 850 fps. For depths between 4.5 and

28 ft, S-wave velocities ranged from 670 to 1000 fps.

Computation of Poisson's ratio

15. PFor the near-surface layer, the P-wave velocity (1600 fps)
measured at the north end of line R~2 (Fipgure 4) was used for the computa-
tion of Poisson's ratio because these data were collected within the
foundation ring. The results of this test show this velocity to be
applicable to a depth of 7 ft. The S-wave velocity used in this calcu-

lation was obtained from lines V-1, V-2, V-3, and V-4 (which were also

positioned within the confines of the ring), by averaging all velocities
that penetrated to depths of 7 ft or less. The average was (95 fps.
Using Equations b4 and 5, Poisson's ratio for the near-surface materials
was computed to be 0.3k,

16. The computation of Poisson's ratio for the second layer was
made using the P-wave velocity of 5650 fps, which was the average true
velocity of all refraction lines for this layer. The S-wave velocity
used was the average of all velocities penetrating below 7 ft for vibra-
tory lines V-1 through V-4 (within the ring) and below 4.5 ft for lines
V-5 throush V-8. The average S-wave velocity was 850 fps. DPoisson's
ratio (using Equations 4 and 5) was calculateu to have a value of 0.49
for this layer.

Computation of elastic moduli, E and G

17. Equations 3 and 6 and a wet unit weirht of 110 pet® were u ol

2l

to compute shear and Young's modull for the rfoundation materials. The

v=lues were then plotted versus the approximate depth (Fimure ©). Ala.
presented in this ficure are laboruatory soil classifications, Tield

descriptions, and blow coimnts Jor the upper 3% 1 of the [7-"t-deep

borin: B=3, Test results show thaut the shear molulus increases Trom
about 5,000 psi at a 1=t Jdepth to 20,000 poi at 23 7L, Youns's wm-ilas
varies from 12,000 pai oat o L=t depth to nearly 59,000 psi at -
b L Yot mr s iz aprroximately three tires Lthe veolu - ;

¥ Data provided by TOD.




shear modulus for a given depth. These curves agree favorably with the

data collected in 1966 by Ballard and Casagrande* for the ALYATE Antenna
site also located on Roi-Namur.

18. Since the quality of vibratory data wuas good and the subsur-
face condition of the second layer appears uniform to a depth of 75 ftt,
it is believed these modulil curves could be extrapolated to greater depths
should the need arise.

Ground motion measurements

10. Measurements were made of ground motions at the MMW site
with the existing radar facilities, ALTAIR and TRADEX, in operation.
These facilities are about 900 and 600 ft, respectively, from the site.
Ground motions (vertical particle velocities) were measured using a
vertical geophone and an oscilloscope. The maximum peak-to-peak particle

velocities measured were 0.003 ips when the antennas were rotating. The

trequency of vibration was not measured., However, after the antennas
stopped rotating, the velocity amplitudes at about this level were also
observed. Since there was a significant amount of activity in this

area Urom vehicular traffic, power tools, and workmen, the motions cause.d

by ALTAIR and TRADEX apparently fall below 0.003 ips.

Conclusions

20, Surface refraction data collected at the MMW radar site
revealed a two-layer velocity system. The T-wave velocity of the near-
surface laver averaged 1100 fps and extended from ground surface to an

5 rt. The second layer had an averare true velocity

averace depth of i,
it SN0 tpa and extended to undetermined Jdepths. Vibratory test data
Showedd that the shear modulus inereased from abouat 5,000 pei near the

currace Looa value of 20,000 psioat 23 fte Yoewnser's modulue was abe o

oo, F. vatiard rnd DKL Casaerande. oo, Uhemeio o iat o
. . . .. . P N . e N . 1
Investioabion, hol=lonar, Bwadaieln Atoll, Sharahal oo, !
. T ' SRS . . e . N . . .\
Misoellane ann Paper L=BSR 0T U ey M ineer Wahorwns Fay e i
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three times greater than the shear modulus for a given depth., Tloisson's

ratio averaged 0.34 from a 0- to 5-ft depth and 0.49 below 4.5 ft.

21. Measurements of ground motion were made at the MMW site in
an attempt to see if they were induced by the ALTATR and TRADEX radar
facilities. The largest peak-to-peak particle velocity measured was
0.003 ips. Since this magnitude was observed with and without the

antenna rotating, it is concluded that ground motions produced by the

ALTAIR and TRADEX facilities fall below this value.
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced

below.

Wahl, Ronald E

Dynamic foundation investigation for MMW radar facility,
Roi-Namur, Kwajalein Atoll, Marshall Islands / by Ronald
E. Wahl, Jose L. Llopis. Vicksburg, Miss. : U. 3. Waterways
Experiment Station ; Springfield, Va. : available from
National Technicul Information Service, 1980.

11, (8] p. : i11. ; 27 cm. {Miscellaneous paper -~ U. S.
Army Engineer Waterways Experiment Station ; GL-80-18)

Prepared for U. S. Army Engineer Division, Pacific QOcean,
Honolulu, Hawaii, under IAO No. PODSP-MIL-80-19.

1. Dynamic loads. 2. Foundation investigations. 3. Poisson
ratin. L. Radar sites. 5. Seismic investigations.

I. Llopis, Jose L., Joint author. II. United tates.

Army. Corps of Engineers. JII. Series: United States.
Waterways Experiment Statiosn, Vicksburg, Miss. Miscellaneous
paper ; GL-80-18.
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